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Summary 

This  memoiS^Mum  is  a  record  of  initial  investigations  carried 
out  at  RaRDE  in  the  period  September  I968  to  September  1970  into  the  use  of 
ultrashort  RP  pulses  for  the  detection  of  non-metallic  mines.  The  back¬ 
ground  relating  to  the  use  of  microwaves  is  considered  and  the  requirements 
which  must  be  met  in  applying  this  technique  are  discussed.  Accounts  of 
laboratory  and  field  studies  are  given. 

The  investigation  forms  part  of  a  pre-feasibility  study  being 
\mdertaken  by  RARDE  into  the  problems  of  the  detection  of  non-oetallic 
land  mines. 
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1.  INmODIXJTION 


1,1  Background 

The  problem  of  detecting  nonr-Detadllc  mines  has  not  yet  been 
solved.  Idesilly  one  wishes  to  be  able  to  Identify  the  presence  of  explosive 
since  this  Is  the  only  component  which  Is  present  to  a  greater  or  lesser 
extent  In  aill  mines.  Such  positive  Identification  or  detection  of  a  mine  can 
be  carried  out  In  theory  by  neutron  Irradiation  or  trace  gas  analysis 
techniques  thou^  their  application  Is  still  In  an  early  stage  In  the  laboratory 
and  will  not  be  possible  In  the  field  iintll  there  Is  a  significant  advance 
In  relevaint  technology.  Moreover  these  techniques  may  not  be  viable  under 
operational  conditions. 

An  alternative  approach  to  the  problem  Is  to  examine  the  area 
which  Is  suspected  of  being  mined  and  seek  Information  which  after  some 
processing  will  enable  a  decision  to  be  made  on  the  probability  of  a  mine 
being  present.  The  basic  Information  which  co\ild  be,  for  example.  In  the 
form  of  reflected  electromagnetic  radiation  may  not  be  uniquely  associated 
with  a  mine  and  thus  a  decision  process  la  necessaxy  to  reduce  the  number  of 
spurious  detection  signals,  or  false  alarms,  which  originate  from  natiiral 
phenomena. 


Thus,  if  the  depth  below  the  siirface  of  a  burled  object  can  be 
measvired  and  found  to  be  within  the  range  normally  associated  with  burled 
mines  then  the  probability  that  the  object  Is  a  mine  Is  Increased.  If,  In 
addition.  Information  about  the  cross-sectional  shape  of  the  object  In  a 
plane  parallel  to  the  ground  stirface  can  be  obtained  (devices  capable  of 
meastirlng  depth  can  readily  be  adapted  to  do  this)  and  shown  to  be  con¬ 
sistent  with  the  shapes  of  known  mines  then  the  probability  that  the  object 
is  a  mine  Is  fiirther  Increeised. 

To  summarize  therefore,  the  simultaneous  acquisition  of  correct 
depth  and  shape  information  will  not  positively  identify  a  mine  nor  will  it 
distinguish  between  a  real  and  a  dummy  mine,  but,  in  theory,  the  majority 
of  failse  detections  should  be  eliminated. 

Both  depth  and  shape  Information  can  be  obtained  by  the  application 
of  microwave  techniques  and  their  use  as  a  possible  solution  to  the 'problem 
of  detecting  mines  has  been  Investigated  by  E4  (Mlnewarfare)  Branch,  RAHBE 
after  a  paper  study  (ref  l)  carried  out  in  I968.  Whilst  their  application  is 
not  considered  likely  to  lead  to  a  universal  mine  detector,  that  Is  to  a 
device, idiich  is  capable  of  detecting  all  mines  in  all  environments,  they 
could  provide  an  instrument  having  a  limited  capability  or  form  i)art  of  a 

system  which  employs  more  than  one  physical  principle  In  the  detection  process. 
This  latter  concept,  which  could  approach  the  requirements  of  a  universal 
detector,  ml^t  also  employ  infra-red  techniques  (to  detect  soil  dis¬ 
turbances  resulting  from  the  laying  operation)  and  perhaps  one  of  a  number  of 
metal  detecting  methods. 
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1.2  Microwave  Techniques  In  \iae  In  other  Countries 

Shortly  after  E4/ltAHDE  had  begun  a  study  on  the  use  of  microwaves 
It  was  learned  that  a  main  line  of  Investigation  Into  the  problem  of  the 
detection  of  non-metalllc  mines  In  the  United  States  and  the  Federal  Republic 
of  Germany  was  concerned  with  the  use  of  sub-nanosecond  R.F,  pulses.  Some 
account  of  these  Investigations  Is  given  In  references  2  and  3* 

In  view  of  the  prior  experience  of  both  these  countries  In  the 
application  of  microwaves  to  mine  detection  and,  particularly,  because  of 
the  much  greater  resources  of  US  It  was  felt  that  UK  should  not  enter  Into 
direct  competition  to  try  and  produce  am  amtual  prototype  microwave  detector. 
It  was  therefore  decided  that  UK  work  should  concentrate  on  a  full  Investi¬ 
gation  amd  evaluation  of  the  bauslc  principles  Involved  £G.thou£h  active 
collaboration  with  US  and  IRG  on  their  Investigations  would  be  maintained  as 
fau:  au3  possible.  In  aiddltlon  au^  foreign  detectors  which  became  availlable 
would  be  fully  aussessed. 

1.3  Purpose  of  Memorandum 

This  memorandum  describes  the  Initial  Investigations  which  have 
been  carried  out  by  RAEDE  Into  the  use  of  RP  pulse  radatr  principles  to 
measure  the  depth  of  burial  of  an  object  suspected  of  being  a  mine.  The 
Investigations  cover  both  laboratory  experiments  and  trials  at  the  soil 
lames  facility  established  by  RARUE  at  M7EB  and  therefore  follow  the  first 
two  i^ames  of  an  Idealised  mine  detection  programme  described  In  ref.4. 

This  reference  also  contains  details  of  the  overall  research  facilities 
available  for  the  programme. 

2.  SUB-KANOSBCOHD  PULSE  RADAR  FOR  NOR  METALLIC  MINE  DETECTION 
2,1  Requirements  for  a  Microwave  Mine  Detector 

If  measurement  of  depth  using  microwave  techniques  Is  to  be 
valid  for  the  purpose  of  detecting  a  mine  then  Ideally  the  methods  employed 
must  be  capable  of  resolving  distances  of  ^cm  In  air  (free  space)  thou^'a 
resolution  of  15cm  cotild  be  tolerated  for  locating  large  amtl-tamk  mines, 
such  as  the  Russlam  TMDB  mine,  burled  relatively  deeply  In  a  soil  (clay) 
having  a  hl^  dielectric  constamt. 

The  microwave  radiation  must  obviously  have  stifflclent  energyto 
penetrate  vegetation  and  about  30cm  of  soil.  In  aiddltlon  the  technique 
must  be  such  that  there  Is  no  mechanlcail  contact  with  the  ground  as  this 
would  not  only  give  rise  to  difficulties  with  thick  vegetation  amd  uneven 
ground  bufwoTild  restilt  in  a  low  sweep  rate  which  is  operationadly  un¬ 
acceptable. 


A  resolution  of  5cm  by  microwave  pulse  ranging  Implies  a  pulse 
width  of  0.3  namosecond  (ns):  correspondingly  for  a  resolution  of  15cm  a 
Ins  pulse,  width  Is  Implied.  Thus,  of  necessity,  a  sub-nanosecond  pulse  (SNP) 
raidam  Is  required  amd  It  follows  immediately  that  the  caurrler  frequency  of 
the  pulse  must  be  considered. 

It  has  been  found,  from  past  US  work  and  UK  study,  that  at 
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present  the  use  of  S-Band  frequencies  (1.7  -  3*2  GHz)  Is  necessary  In  order 
to  provide  A  reasonable  compromise  between  the  needs  for  adequate  soli 
penetration,  which  decreases  with  Increased  microwave  frequency,  and  the 
problems  of  designing  microwave  antennas  of  appropriate  size  which  are  able 
to  produce  narrow 'foc\issed  beams,  problems  which.  In  the  microwave  mine 
detection  context,  become  simpler  with  Increasing  frequency.  A  pulse  width 
of  0.3ns  at  S  band  frequencies  Implies  that  a  sln^^e  cycle  of  a  3  GHz 
"carrier  wave**  Is  required:  the  maximum  tolerable  pulse  of  Ins  can  be 
obtained  from  3  consecutive  cycles  of  the  3  GHz  carrier  wave  or  alternatively 
from  a  single  cycle  of  a  1  GHz  carrier  wave.  This  Is  an  over  simplification 
of  the  position  since  the  actual  pulse  Is  a  wave  packet  at  some  particular 
repetition  rate.  A  Tourier  analysis  is  required  to  determine  the  precise 
range  of  frequencies  Involved  and  their  relative  Importance.  Such  studies 
are  being  made  but  their  results  will  not  affect  the  basic  argument  that  a 
single  cycle  p\ilse  of  approximately  0.3ns  width  Is  desirable. 

2.2  Fulfillment  of  Requirements 

The  requirements  can  be  met  by  the  adaptation  of  standard  microwave 
distance  measuring  techniques  for  which  both  frequency  modiilated  continuous 
wave  (MCV)  ranging  and  pulse  ranging  systems  exist. 

However  thooi^  these  conventioixal  systems  have  been  available  for 
many  years  problems  are  encountered  in  the  application  of  the  techniques 
to  mine  detection.  Conventional  pulse  ranging  systems  use  R.F.  pulses 
with  widths  of  0.1  s  approximately,  thou^  a  few  hi^  resolution  radars 
with  pxilse  widths  of  between  1  and  3n3  have  been  developed  in  the  last  ten 
years,  whilst  conventional  HOT  systems  have  resolutions  of  the  order  of  a 
few  metres  which  Is  eqvilvalent  to  a  pulse  width  of  several  nanoseconds.  One 
IB  system  used  for  feasibility  studies  (ref. 5)  is  in  fact  a  sub-nanosecond 
radar  using  a  pxilse  length  of  0.6ns.  However  this  and  other  hl£^  resolution 
radars  have  used  carrier  frequencies  at  X-Band  (5-12  GHz)  and  above.  At 
these  hl^er  frequencies  the  problems  of  the  generation  of  the  microwaves 
and  antenna  design  are  relatively  simple  compared  with  those  at  S-Band. 

The  adaptation  of  IlOT  techniques  to  mine  detection  presents  a 
difficxilt  practical  proposition  because  it  demands,  a  large  bandwidth  (about 
1-3  GHz)  and  a  linear  frequency  sweep.  Pulse  radar  systems,  whilst  still 
demanding  a  large  bandwidth  constitute  a  less  severe  electronic  problem, 
though  they  are  still  very  much  in  the  research  phase  for  the  purposes  of  mine 
detection.  BE  effort  has  been  concentrated  on  this  latter  technique. 

2.3  Experimental  Approach 

It  was  obvious  when  the  present  investigations  began  that  the  first 
step  would  have  to  be  the  design  and  construction  of  a  bread-board  model  SNP 
radar  system  to  enable  studies  to  be  made  of  the  many  aspects  of  the 
detection  of  mines  by  microwaves  that  are  not  capable  of  theoretical 
assessment. 
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Prior  to  the  development  of  such  equli>ment  a  review  was  made  of 
the  circuitry  required  and  the  problems  likely  to  be  involved  in  its 
realization  were  assessed.  The  results  are  described  in  sections  2.4  to  2.6. 

2,4  Generation  of  Sub-Uanosecond  R.F.  Pulses 

2.4*1  Introduction 


’  Several  possible  methods  for  the  generation  of  short  duration 

microwave  pulses  exist  and  their  advantages  and  disadvantages  for  mine 
detection  are  reviewed  below.  Further  information  may  be  found  from  ref. 6 
and  from  the  bibliography  in  Appendix  1. 

2.4.2  Modtilation  of  continuous  microwave  energy 

Short  pulses  are  obtainable  by  appropriately  modulating  a 
continuous  wave.  Modulators  may  be  either  of  the  transmission  type  where 
the  amoTint  of  microwave  energy  passing  throu^  a  two-x>art  device  is  varied 
by  reflecting  some  of  the  incident  energy  back  to  the  source  or  by 
absorbing  it,  or  they  may  be  of  the  reflective  type  where  the  si^ial  is 
amplitude  modulated  and  the  reflected  energy  separated  from  the  incident 
energy  in  a  one  part  system. 

Modulation  may  be  achieved  throu^  the  transmissive  mode  with 
biassed  microwave  crystals  and  by  veirying  the  gain  of  travelling  wave  tubes. 
Reflective  mode  modulation  is  bbtalnable  by  varying  the  electron  beam 
admittance  of  reflex  klystrons.  Ferrites  can  operate  in  either  mode. 

Full  amplitude  modulation  is  unobtainable  throu^  the  treuismisslve 
mode  which  gives,  typically,  10  to  15  dB  modulation  depth.  The  reflective 
mode  in  principle  at  least,  is  capable  of  full  amplitude  modulation  but 
becaiLse  of  stability  problems  a  maximum  modulation  depth  of  about  35  dB  is 
generally  obtained  in  practice  thou^  80  dB  has  been  achieved,  but  at  the 
expense  of  pulse  width. 

The  modulation  frequency  may  be  arranged  so  that  the  phase  of  the 
internal  wave  structure  of  each  microwave  pulse  is  the  same  with  respect  to 
the  beginning  of  each  pulse.  This  procedure  is  known  as  "phase  locking" 
and  the  pulses  are  then  said  to  be  phase  coherent. 

In  general  pulse  widths  in  the  range  1  to  10ns  are  obtained  by 
modulating  continuous  microwave  energy.  A  few  Instances  of  the  generation 
of  sub-nanosecond  pulses  have  been  recorded,  but  such  pulses  have  been 
generated  with  extreme  difficulty  and  with  low  modxilation.  Experience  has 
shown  that  a  modulation  depth  in  excess  of  40  dB  is  necessary  for  the 
pxurposes  of  mine  detection  and  as  sufficiently  short  pulses  cannot  be 
generated  at  this  depth  by  the  modulation  of  continuous  energy  this  method 
must  be  regarded  as  being  of  no  practical  value  at  present. 
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2.4*3  Shoek-»exclted  filter 

This  method  is  more  liseful  than  the  prevloxis  one  since  su1>> 
nahosecond  pulses  can  he  obtained  throuj^  the  use  of  a  band-pass  filter  to 
suppress  the  tumanted  frequencies  in  the  Fovirier  spectrum  produced  by  a 
baseband*  pulse.  The  pvilsea  are  automatically  phase  locked. 

Pulse  widths  of  0.2  to  1ns  with  i>eak  powers  between  0.3  and  10 
watts  have  been  generated  at  X-band  frequencies  using  mechanical 
(eg.  vibrating  reed)  and  electronic  (eg.  tunnel  diode)  impulse  generators 
with  either  active  or  passive  filters. 

The  main  disadvantage  in  the  use  of  a  shock  excited  filter  is 
that  relatively  large  quantities  of  energy  are  reflected  along  cables,  etc, 
dxiring  the  generation  of  the  pulse  and  this  gives  rise  to  spurious  pulses 
which  must  be  discriminated  against  in  any  useful  mine  detector  based  upon 
this  technlqiie.  The  method  was,  howler,  briefly  employed  during  the 
initial  stages  of  the  investigations* 

2.4*4  Regeneration  of  feedback 

In  this  method  a  short  pulse  of  microwave  energy  is  re-circulated 
throu^  an  amplifier  and  a  non-linear  element  which  sharpens  the  applied 
pulse.  The  characteristics  of  such  a  circuit  however  will  not  allow  the 
phue  looking  which  is  vital  to  the  use  of  an  easy  reception  technique  and 
this  fact  together  with  the  general  complexity  of  the  method  ruled  out  its 
use  in  the  initial  study. 

2.4.5  Harmonic  generation 

Two  techniques  for  the  harmonic  generation  of  microwave  imlses 
exist.  One  is  to  drive,  a  harmonic  producing  crystal  into  its  operating 
region  for  short  intervals:  the  other  is  th.  apply  short  RF  pulses  to  a 
harmonic  producing  device  with  a  filtered  output.  Both  teohirlques  are 
irelatlvely  complex  with  unknown  performances  for  producing  pulses  ail  table 
for  mine  detection  and  for  these  reasons  they  were  not  considered  further. 

2.4*6  Synthetic  generation 

The  synthetic  generation  of  sub-nanosecond  pulses  can  be  achieved 
in  two  ways.  The  first  is  throu|^  the  synthesis  of  a  large  number  of  micro- 
wave  carrier  waves,  a  method  which  is  being  \ised  in  the  US  for  research 
p\irposes.'  The ' requirements  of  extreme  Electronic  stability  with  temperature 
veLTiation,  etc,  and  the  interaction  of  the  phase  and  aunplltude  modulation 
for  each  carrier  wave  means  that  the  research  equipment  is  complex  and 
costly  and  this  technique  was  therefore  not  considered  further  for  use  by 
E4/RAEDE. 


*A  definition  of  baseband  pulse  is  given  on  page  11. 
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The  second  technique  is  to  synthesize  two  suitable  phase  coherent 
base-band  pulses.  Because  of  its  relative  sinpllclty  and  potential  for  the 
purposes  of  Bine  detection  it  has  provided  the  principal  means  of  generating 
the  sub-nanosecond  pulses  for  the  initial  investigation. 

The  design  of  the  eqvilpment  is  described  in  Section  3* 

2,5  Antennas 

Apart  from  the  actual  generation  of  the  pulses  the  major  problem 
area  in  designing  a  sub-nanosecond  pulse  radar  lies  in  the  design  of  the 
component  antennas  because  of  the  stringent  requirements  for  bandwidth  and 
directivity  to  produce  a  satisfactory  performance.  In  addition  the  antennas 
have  to  operate  in  the  near  field  region  thtis  presenting  further  design 
problems. 


It  was  realised  from  the  outset  that  a  lengt]:yand  costly  Inv^estl- 
gatlon  would  be  necessary  to  design  antennas  whose  performance  was  near 
optimum  and  that  a  reduced  performance  would  have  to  be  accepted  for  the 
purposes  of  initial  investigations.  The  following  antenna  types  were  there¬ 
fore  considered  to  be  suitable. 

(a)  Ridged  waveguide  horns  (ref  9) 

(b)  Pyramidal  horns  modified  by  exponential  flaring,  or  reduction 
of  the  wavegtiide  hel^t  and  by  special  waveguide  co-axial  transformers 
(inoltiding  various  impedance  matching  devices). 

(c)  Damped  antennas  in  general  lncl\iding  reslstlT^ly  damped  horns 
and  monopoles  thereby  broadening  the  antenna  bandwidth  but  reducing  gain. 

Siixje  the  construction  of  ridged  waveguide  horns  reqvilred '  more 
effort  in  terms  of  time  and  money  than  was  available  it  was  decided  to 
concentrate  on  the  other  twp.. types  and  the ' resulting  antenna  design  is 
described  in  Section  3.  It  was,  of  course,  recognised  that  the  performance 
of  the  sub-nanosecond  pulse  radar  would  be  limited  but  nevertheless  it  was 
expected  that  useful  information  wo\ild  be  obtained. 

2,6  Reception  and  Display 

Because  a  coherent  pulse  generator  held  been  chosen,  a  commercial 
sampling  oscilloscope  has.  been  used  for  the  reception  and  display  of  the 
0.3ns  pulse.  However  it  is  recognised  that  this  Involves  a  visual  display 
which  may  be  unacceptable  in  the  final  desl^  of  a  mine  detector  and  farther 
work  on  signal  processing  and  data  display  will  be  required.  This  will  not 
be  started  until  the  use  of  a  sub-nanosecond  pulse  radar  technique  has  been 
shown  to  be  feasible  for  the  detection  of  adnes. 

The  sampling  oscilloscope  used  is  described  in  Section  3. 
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2.7  Soil  Attenuation 


because  ths  attenuation  of  mlorowav’es  In  doll  yarlea  with 
frequency  the  pulse  form  will  not  be  preaerred.  Dispersion  will  occur  due 
to  the  greater  attenuation  of  the  higher  frequency  oonponents  In  the  pulse 
which  la  broadened  as  a  consequence. 

No  attenpt  to  study  the  effect  of  soil  attenuation  on  the  pulse 
shape  has  yet  been  made. 

2.8  Mine  Target  Characterlstloa 

Since  the  mlcroware  pulse  contains  many  frequencies  the  refleotlye 
properties  of  a  burled  mine  will  be  complex.  The  Initial  study  did  not 
Include  any  consideration  of  the  pulse  characteristics  on  the  reflected 
signal  but  only  attempted  to  detect  burled  mines. 

3.  LABORATOftr  STTEnf 


3.1  EcTilpment 

3.1.1  The  synthetic  generation  of  phase  coherent  sub-nanosecond  mlcrowaye 
pulses 


Figure  1  glyea  a  block  diagram  showing  the  basic  generation  of 
sub-nanosecond  pulses.  A  100  MHs  oscillator  of  i  watt  output  power  drlyes 
a  step  recovery  diode  nodule. (type  Hewlett  Packard  33002A)  and  a  pulse 
forming  network. 

The  module  contains  the  step  recovery  diode  with  Its  matching  and 
biasing  circuitry  and  Is  In  co-axlal  form  with  Bam  sub-olnlature  type 
connectors.  Further  details  of  the  module  and  of  the  oi>eratlon  of  the  step 
recovery  diode  are  given  Ih  ref.7.  Vhen  correctly  loaded  the  output  of  the 
module  Is  an  Impulse  train,  that  Is  baseband  pulses  of  width  0.1 3na  at  a 
repetition  rate  of  100  MHz  are  generated.  The  anplltiide  of  the  pxilse  varies 
between  10  and  16  volts  according  to  the  quality  of  the  step  recovery  diode. 

Each  pulse  may  be  regarded  as  one  half  of  a  single  cycle  3  GHz 

pulse.  If  each  pulse  Is  divided  Intc  two  separate  pulses  with  ampll titles 
approximately  half  that  of  the  original  pulse  but  still  with  the  same  width 
and  one  of  the  halves  Is  Inverted  and  delayed  for  0.1 3ns  and  the  two  pulses 
then  added  together  a  single  cycle  3  pulse  Is  fcrmed.  This  process  Is 
carried  cut  by  the  pulse  forming  network.  A  standard  method  of  doing  this  Is 

through  the  \ise  of  a  shorted  co-axlal  line  and  this  has  been  adapted  by 

G  F  Ross  of  Sperry  Rand  Research  Center  (USA)  to  operate  at  S-band  frequencies 
with  a  3.38i>>m  (0.1411n)dlameter  semi  rigid  co-axlal  cable.  Farther  details 
cf  this  netwcrk  which  was  used  during  the  Investlgatlcn  nay  be  fcund  In 
ref. 10  and  Fig. 2  shows  the  pulse  generated  by  this  technique.  The  secondary 
pulse  shown  Is  catised  by  the  Initial  pulse  not  being  completely  clean  a-nH  it 
Is  thought  that  this  Is  a  function  of  the  module  rather  than  of  the  step 
recovery  diode.  The  effect  Is  still  under  Investigation. 
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3.1.2 


Antennas 


Because  circulators  of  sufficiently  wide  'bandwidth  were  not 
available  to  allow  the  use  of  a  sln^e  antenna  for  both  transmission  and 
reception  of  the  microwave  energy,  a  pair  of  antennas  was  used.  Each 
antenna  was  a  40cm  long  pyramidal  horn  having  a  beam  width  of  approximately 
30°  in  the  B  plane  and  both  were  damped  with  a  resistive  coating  of 
colloidal  graphite  to  Increase  their  band  width.  Towards  the  end  of  the 
experiments  simple  ridges  were  Incorporated  In  the  horns  In  an  attempt  to 
shorten  the  radiated  pulse. 

The  antenna  system  has  not  been  optimised  and  a  detailed  study  Is 
still  required. 

3.1.3  Reception 

A  Tektronix  type  56IB  sampling  oscilloscope  with  S-4,  3S2  and  3T2 
plug  In  units  was  used.  This  gave  an  equivalent  band  width  of  DC  to  I4  GHz 
at  3  dB  down  and  a  time  sensitivity  of  0.02ns. 

3.2  Performance  of  the  Sub-Nanosecond  Pulse  Radar 


The  free  space  resolution  was  measured  as  l^cm.  Siifflclent  signal 
to  noise  was  obtained  to  allow  the  detection  of  10cm  square  metal  plates 
\inder  at  least  of  dry  sand  and  under  about  2  to  3cm  of  loam  containing 

20^  moisture.  Investigations  were  made  in  an  anecholc  chamber  (ref  4) 
Included  the  detection  of  Inert  mines  of  various  shapes  and  materials.  An 
exaiiq>le  of  the  detection  of  an  Inert  mine  In  sand  Is  shown  In  Flg.3.  Inert 
mines  were  also  detected  In  loam  soil. 

4.  y  1  Hi  I  iH  STUDf 


4.1  Eoulpment 

For  the  field  sttidly  a  US  vehiele  mounted  metallic  mine  detector 
was  modified  to  be  a  test. rig  for  the  equipment  that  had  been  used  In  the 
laboratory.  This  entailed  the  replacement  of-  the  metallic  mine  detection 
head  with  a  boom  to  support  the  antennas,  pulse  generator  and  the  S-4  head. 
The  oscilloscope  was  mounted  In  the  space  normally  occupied  by  the  front 
passenger  seat  of  the  vehicle.  Fig.  4  shows  the  equipment  In  position. 

4.2  Trials 

The  eqiiipment  was  tested  at  the  RARDE  soil  lane  facility  (ref  4) 
established  at  MTEB  (Christchurch). 

Two  types  of  inert  filled  anti-tank  mines,  the  Soviet  wooden  box 
mine  (TMDB)  and  the  British  ll^t  non  metallic  mine,  were  burled  In  the  sand 
and  clay  lanes  and  In  the  adjacent  sandy  track  and  heathland. 
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In  addition  soae  plaatlo  boxes  of  approoclxate  dlnenslons  30ob 
(side  or  diameter)  and  10  or  l^cm  thick  were  filled  with  dry  sand  and 
buried  at  the  site. 

4*3  Rea\ilta 

4.3.1  Introduction 

The  mines  and  plastic  boxes  were  buried  at  depths  typical  for 
anti-taiik  mines  but  no  attempt  was  made  to  msasure  absolutely  the  depth  at 
which  detection  was  achieved  in  ary  partioular  environment.  Beteotion  was 
defined  as  the  observation  of  a  recognisable  additional  pulse  on  the 
osclllosooi>e  with  the  detection  head  over  a  nine  when  compared  with  the 
display  obtained  from  the  immediate  surrounds  of  the  mine.  For  reoognltlon 
purposes  the  additional  pulse  had  to  have  a  minimum  signal  to  noise  ratio 
of  2i1  over  the  baseline  noise  (mainly  caused  by  low  level  antenna  ringing) 
and  had  to  ooctxr  in  the  predioted  position  of  the  time  axis  of  the  display* 
For  all  the  burled  mines  and  objects  employed  the  return  pulse  was 
separated  from  the  groimd  return  pulse  except  in  the  case  of  the  heathland 
idiere  the  two  pulses  were  adjacent. 

The  following  results  were  obtained. 

4.3.2  Sand  lanes 

Both  types  ef  mine  and  the  plastlo  boxes  were  found  at  depths  up  to 
30cm  in  sand  idiich  had  several  strata  of  different  molstxire  content.  The 
average  moisture  contents  were  between  3  10j(  by  wel^t. 

4.3.3  Clay  lane 

Detection  was  achieved  at  depths  up  to  7.3cb  in  the  olay  irtilch 
contained  10^  moisture  and  an  example  of  an  actual  slgaature  is  shown  in 
Fig. 3.  Phasing  problems  were  enooimtered  and  further  studies  of  these  are 
necessary. 


4.3.4  Sandy  track 

The  mines  were  detected  at  depths  up  to  10cm  in  the  relatively 
moist  sand  of  13^  water  content. 

4.3.3  Heathland 


1  TmDB  mine  was  burled  under  of  soil  with  the  vegetational 
cover  being  preserved.  The  mine  was  Just  detectable  by  interpreting  the 
resulting  pulse  shape  but.  expected,  a  clear  signature  was  not  obtained. 

4.3.6  Asphalt  lane 

An  additional  test  in  which  a  large  land  mine  was  simulated  by 
burying  a  concrete  disc  under  the  10cm  thick  layer  of  asphalt  was  carried 
out.  The  disc  which  was  30cm  An  diameter  and  20cm  thick  was  horizontally 
enplaced  at  a  depth  of  ^m.  beneath  the  asphalt  by  tunnelling  in  from  the 
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side  of  the  lane,  and  the  hole  was  then  completely  backfilled -with  the  sand 
removed  during  the  excavation.  The  concrete  disc  was  detectable  within 
the  criteria  stipulated  In  4>3»1  ^ut  no  attempt  was  made  to  vary  size  or 
position  to  obtain  a  change  In  reflected  signal. 

4»3»7  Sinrface  laid  and  burled  metallic  mines 

These  were  detected  by  position  and  amplitude  Information. 

4. 3*8  Detection  Speeds 


The  speed  at  which  detection  of  the  mines  was  accomplished  was 
generally  about  1  metre  per  second  thou^  a  10cm  square  metal  plate  bxirled 
15cm  deep  In  sand  was  detected  at  2.5  metres  per  second.  The  electrical 
detection  signal  was  fairly  uniform  thou^  gross  changes  produced  by  the 
different  groiind  surfaces  were  obvious. 

Mechanical  test  of  the  system  showed  that  the  equipment  was 
oapable  of  travelling  at  a  speed  of  10  metres  per  second  on  the  asphalt  road. 


5.  CONCLUSIONS 

5.1  The  Investigations  thoxi^  limited  In  scope,  have  provided  valuable 

Information  on  the  use  of  microwave  pulse  techniques  to  detect  non^netalllc 
mines. 


5.2  The  detection  of  some  types  of  Inert  filled  mines  In  various 
environments  has  been  demonstrated. 

5.3  Further  studies  are  necessary,  particularly  In  the  design  of 
suitable  antennas.  In  the  effects  of  soil  attenuation,  and  mine  character¬ 
istics  and,  at  a  later  stage.  In  signal  processing. 

5.4  Research  Is  still  required  to  determine  the  precise  limitations 
of  the  technique. 
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Definition  of  Baseband  Pulse 


This  Is  defined  by  American  Standards  Association  (ref  6)  as  "In 
the  process  of  modulation  the  frequency  band  occupied  by  the  aggregate  of 
the  transmitted  signals  idien  first  used  to  modulate  a  carrier.  The  term  Is 
commonly  applied  to  cases  where  the  ratio  of  the  upper  to  the  lower  limit 
of  the  frequency  band  Is  large  compared  to  unity.  Examples  are  the  baisds 
employed  for  the  transmission  of  picture  and  synchronising  signals  In 
television  and  for  multichannel  pul4^  telephone  systems. 


11. 


CONFIDENTIAL 


CONPIDENTIAl 


APPEHDIZ  1 


BIBLIOGBiPHT 

1  Fractional  Vanoseoond  Mlcroiravd  Pulse 'Generation  and  Measurement 
Techniques  Mloroware  Journal  Feb 

2  A  Very  Short-Pulse  Eadar  Bulletin  of  Radio  and  Eleotrloal  Division  of 
National  Research  Council  of  Canada  Yol  U  No  2  I96I 

3  Subnanosecond  Radar  Shows  Hl^  Resolution  Sleotronlos  May  31  1963 

4  A  simple  method  of  generating  nanosecond  pulses  at  X  band 

J  P  Puffer  azid  B  G  Vhltford  Proceedings  of  the  IRE  May  1^61 

3  8  and  11  GHs  Nanoseoond  Carrier  Pulses  Produced  by  Earmonlo  Generation 

A  F  Dietrich  Proc  of  the  IRE  May  I96I 

6  A  4  Vatt  Z-Band  Nanosecond  Burst  Generator  R  W  Dawson  Proo  of  the  TRti!B 
Dec  1966 

7  Subnanosecond  X-Band  Pulse  Modulator  Mlorowave  Journal  Dec  1966 

8  Nanoseoond  Radar  Using  Gunn  Osolllators  RRE  leaflet  1968 

9  Microwave  Semloonductor  Switching  Techniques  R  7  Garver  et  al  IRE 
Transactions  on  Microwave  Theory  auid  Techniques  Oct  1938 

10  Hi^-Speed  Microwave  Switching  of  Semloonductors  II  R  7  Garver  IRE 
Transaction  on  Mlorowave  Theory  and  Techniques  April  1939 

11  A  Nanosecond  X-Band  Switch  M  C  Young  et  al  Proc  of  Ttikii:  Dec  196? 

12  Generation  of  Subnanosecond  Pulses  with  Bulk  GaAs  Proc  of  lEElE  Dec  I967 

13  Microwave  Harmonic  Generation  and  Nanosecond  Pulse  Generation  with  the 

Step  Reooveiy  Diode  Henlett-Packard  Journal  7ol  16  No  4  1964 

14  Commercial  Literature  from  Rantec  Division,  Emerson  Electric  Co 
Calabasas  California 

13  Commercial  Literature  from  Micronetlos  Ino 

16  Radar  Reflectivity  Measurements  Synposlxim  April  I964 

17  Circuits  for  Sub-Nanosecond  Pulse  Handling  Herlot-4latt  University 
Dept  of  Electrical  and  Electronic  Engineering  Nov  1967 

18  Nano-Second  Pulse  Generators  -  A  Survey  J  D  McQjuUlln 
RRE  Memorandum  No  2439  May  I968 

—9 

19  The  MeasuT^nent  of  Baseband  Pulse  Rise  Times  of  Less  than  10  ^  Seconds 
N  S  Nalnan  Proc  IEEE  7ol  33  No  6  June  1 967 

20  Method  of  Generating  Sub-Nanosecond  Pulses  Proo  of  TkiKtt  1966 


13. 


CONFIDEHTIAL 


CONFIDENTIAL 


21  The  Synthetio  Generation  of  Phase-Coherent  lUcrowave  Signals  for 
Transient  Behaviour  Measurements  G  F  Ross  lEEIE  Trans  on  Microwave 
theory  and  Techniques  Sept  19^3 

22  Series  and  Parallel  Pulse-Forming  Networks  for  the  Generation  of 
Microwave  Energy  G  F  Ross  The  Microwave  Journal  Sept  I967 

23  An  Improved  Pulse-Forming  Network  for  the  Generation  of  Phase 
Coherent  Microwave  Signals  G  F  Ross  lEEIE  Trans  on  Microwave 
theory  and  Techniques  Jan  19^9 

24  Frequency  Response  of  Nanosecond  Radio-frequency  Pulse  Detectors 

B  G  Whitford  Journal  of  Scientific  Instruments  vol  39  1  962 

23  Broadband  Ridged  Horn  Design  K  L  Walton  The  Microwave  Journal 
March  1964 


14. 


CONFIDENTIAL 


CONFIDENTIAL 


FIG  I 
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BLOCK  DIAGRAM  OF  SUB- N ANOSE COND  PULSE  RADAR 
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FIGS  2  &  3 


FIG  2  GENERATED  PULSE  (TIME  AXIS'.  0-5nS  per  cm  VERTICAL 
axis:  PULSE  AMPLITUDE  OF  16  VOLTS  PEAK  TO  PEAK 
ACROSS  50  ohms) 


FIG  3  DETECTION  SIGNAL  OF  AN  INERT  MINE  BURIED  IN  DRY  SAND. 
LEFT  HAND  PULSE.  SAND  SURFACE  RETURN 
RIGHT  HAND  PULSE!  MINE  RETURN 
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FIGS  4  &  5 


FIG  4  VIEW  OF  THE  NON-METALLIC  MINE  DETECTION  EQUIPMENT 
MOUNTED  ON  AN  ADAPTED  KAISER  JEEP 


FIG  5  DETECTION  SIGNAL  OF  AN  INERT  TMDB  MINE  BURIED  UNDER 
7  5  cm  OF  CLAY  SOIL- 
LEFT  HAND  pulse:  ground  surface  return 
RIGHT  HAND  PULSE*.  MINE  RETURN 
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